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Abstract
Background: This study investigated whether the prevalence, awareness, treatment, and control of hypertension
and diabetes differed by residential areas. In addition, the rate of good hypertension or diabetes control was
examined separately in men and women, and in urban and rural areas.
Methods: This study used Korea National Health and Nutrition Examination V (2010–2012) data, a nationwide
cross-sectional survey of general South Korean population. Residential areas were categorized into urban and rural areas.
To examine differences between the residential areas in terms of prevalence, awareness, treatment, and control of
hypertension and diabetes we performed a multivariate logistic regression adjusting for age, body mass index, physical
activity, alcohol use, smoking, marital status, monthly income, and educational level. To investigate control of
hypertension or diabetes within each residential area, we performed a subgroup analysis in both urban and rural areas.
Results: The prevalence of hypertension is higher among men in urban areas than among those in rural areas (OR = 0.80;
95 % CI = 0.67–0.96, reference group = urban areas). However, the subgroups did not differ in terms of diabetes
prevalence, awareness, treatment, and control. Regardless of both sex and residential area, participants in good control of
their hypertension and diabetes were younger. Inequality in good control of hypertension was observed in men who
lived in urban (≤Elementary school, OR 0.74, 95 % CI 0.60–0.92) and rural areas (≤Elementary school, OR 0.67, 95 % CI 0.
46–0.99). Inequality in health status was found in women who resided in urban areas (≤Elementary school, OR 0.53, 95 %
CI 0.37–0.75). Good control of diabetes also showed inequalities in health status for both men (≤Elementary school, OR 0.
61, 95 % CI 0.40–0.94; Middle/High school, OR 0.69, 95 % CI 0.49–0.96) and women in urban areas (≤1 million won, OR 0.
56, 95 % CI 0.33–0.93) (Reference group = ‘≥College’ for education and ‘>3 million’ Korean won for income).
Conclusions: After correction for individual socioeconomic status, differences by residential area were not observed.
However, when the participants with good disease control were divided by region, inequality was confirmed in urban
residents. Therefore, differentiated health policies to resolve individual and regional health inequalities are necessary.
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Background
Multiple studies have established that social inequality in
Korean society affects individual inequalities in health
status [1–5]. In Health Inequalities in South Korea, 2009
published by the Korean Society for Equity in Health,
people of higher educational levels had consistently
lower mortality rates for both men and women in 1995,
2000, and 2005 [3]. People with low levels of socioeconomic
status had more prevalent hypertension and received less
treatment [6, 7]. If people had lower socioeconomic status,
they had higher morbidity and mortality of cerebrovascular
disease associated with hypertension [8–10]. Diabetes was
also prevalent in people with low socioeconomic status in
addition to hypertension [11, 12]. Diabetic patients with
low socioeconomic status were hospitalized and visited
emergency rooms more frequently [13].
Inequality in health status existed by region as well as
individual socioeconomic status [3, 5, 14]. The preva-
lence of chronic diseases was higher in people who lived
in rural areas than in urban areas [15]. In a study about
diabetes, its prevalence was higher in people who lived
in urban areas than in rural areas [16]. However, previ-
ous studies that investigated health inequalities by resi-
dential areas were focused on mortality or prevalence of
chronic disease. There are few studies regarding the
treatment and control of specific diseases by residential
areas. This study investigated the differences by residen-
tial areas on the prevalence, awareness, treatment, and
control of hypertension and diabetes in Koreans. In
addition, to investigate control of hypertension or
diabetes within each residential area, we performed a
subgroup analysis in both urban and rural areas.
Methods
Data sources and study participants
This study used data from the Korea National Health
and Nutrition Examination Survey (KNHANES) V
(2010–2012), a nationwide survey that assessed the
health and nutritional status of 25,534 Koreans.
Among these, 17,292 individuals (7033 men and 9398
women) who were aged 30 years or older and com-
pleted both a health interview and health examination
were identified as study participants.
The KNHANES representing the Korean general popula-
tion and conducted by the Ministry of Health and Welfare
and the Korea Centre for Disease Control and Prevention.
It is composed of three component surveys: a health inter-
view, a health examination, and a nutrition survey. Trained
medical staff and interviewers performed the health inter-
views and examinations. Health behaviors such as cigarette
smoking, alcohol use, and physical activity were collected
via self-report. Information about medical conditions, edu-
cation, income, health care utilization, activity limitation,
and quality of life were identified via face-to-face interviews.
Health examinations consisted of anthropometric measures
such as heights, weights, blood pressures, and biochemical
profiles using fasting blood serum and urine. The
KNHANES used a multi-stage clustered probability design.
In KNHANES V, 192 primary sampling units (PSUs) were
drawn from approximately 200,000 geographically defined
PSUs for the entire country. From the PSUs, 3800 house-
holds were selected. The 2010, 2011, and 2012 KNHANES
response rates were 77.5, 76.1, and 75.9 % respectively. Each
participant provided informed consent prior to inclusion in
the study and KNHANES V was approved by the
institutional review board of KCDC (2010-02CON-21-C).
Basic questionnaire and health examination
Blood pressure was measured with a mercury sphygmo-
manometer (Baumanometer Desk model 0320; WA Baum
Co. Inc., USA) in the sitting position after a 5 min rest
period. The participants were asked to refrain from smok-
ing or caffeine for 30 min before the measurement. The
first Korrotkoff sound was used for systolic blood pressure
and the fifth Korrotkoff sound was used for diastolic pres-
sure. Three measurements were taken at 30 s intervals and
we used the average of the latter two in the analysis. Body
mass index (BMI) was calculated by dividing weight in
kilograms by height in meters squared. Blood samples were
collected after 8-h fasting to obtain laboratory results such
as fasting glucose and hemoglobin A1C.
Marital status was categorized into married and others;
the others category included divorced and widowed indi-
viduals. Smoking status was categorized current smoker,
former smoker, and never smoker. Alcohol use was
estimated from the frequency of high-risk alcohol con-
sumption and categorized as never, less than once per
month, and at least once per month. In the KNHANES V,
high-risk alcohol use was defined by gender. Men who
drank more than seven cups of alcohol at a single event
and women who drank more than five cups of alcohol at a
single event were classified as individuals with high-risk
drinking. Regular physical exercise was defined as the par-
ticipants who did five or more times of moderate activity
or three or more times of vigorous activity per week.
Subjective health status was classified into three levels
by responses to the question “How do you assess your
own health status?”: poor, fair, or good. Medical accessi-
bility was categorized in two levels by responses to the
question “Could you go to the clinic (except dental
clinic) when you wanted to go there during the last
year?”. If the answer to this question was “yes”, we asked
why the participants could not visit the clinic (economic
problem or traffic inconvenience, etc.).
Social economic status and residential areas
This study used monthly household income and educa-
tion as main indicators of socioeconomic status (SES).
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With regard to educational attainment, the participants
were asked the level at which their education was com-
pleted. This was classified into three educational cat-
egories: completion of elementary school, middle and
high school, and post-secondary school . Household in-
come was calculated based on equivalized income (total
household income divided by the square root of the
number of household members) and classified into three
categories: ≤ 1 million won, 1–3 million won, or > 3
million won.
Residential areas were categorized into dong, eup and
myeon in KNHANES. That is according to the Korean
Local Government Act., the country consists of Metro-
politan cities and provinces. Metropolitan cities are di-
vided into districts, and provinces are divided by cities
and counties. Cities and districts include multiple dong
and counties include multiple eup and myeon. In this
study, we classified dong as urban areas, and eup and
myeun as rural areas, respectively.
The definitions of prevalence, awareness, management,
and control of hypertension and diabetes
Hypertension prevalence was defined as one of the
following: SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg, re-
ceiving antihypertensive treatment, or an answer of “yes”
to the question, “Have you ever been diagnosed with
hypertension by a physician?” Hypertension awareness
was defined an answer of “yes” to the question, “Have
you ever been diagnosed with hypertension by a phys-
ician?” Hypertension treatment was defined as use of an
antihypertensive drug more than 20 days per month.
Hypertension control was defined SBP < 140 mmHg and
DBP < 90 mmHg.
Diabetes prevalence was defined as one of the following:
fasting glucose ≥ 126 mg/dL, use of oral hypoglycemic
agents or insulin therapy, or an answer of “yes” to the
question, “Have you ever been diagnosed with diabetes by
a physician?” Diabetes awareness was defined an answer
of “yes” to the question, “Have you ever been diagnosed
with diabetes by a physician?” Diabetes treatment was
defined an answer of “yes” to the question, “Are you now
using oral hypoglycemic agents or insulin therapy?”
Diabetes control was defined hemoglobin A1c < 6.5 %.
Statistical analysis
The characteristics of study participants are presented as
mean (SD) or as numbers and percentages. The preva-
lence of hypertension and diabetes were calculated by
direct age standardization (10-year intervals) and 95 %
confidence intervals (CIs) for urban and rural residents
stratified by sex with the 2009 Korean residence registra-
tion population. The proportion of awareness, treatment,
and control of hypertension or diabetes were calculated
as the proportions of participants with hypertension or
diabetes who were aware of, were taking medications for,
and had well controlled hypertension or diabetes. Odds
ratios (ORs) and 95 % confidence intervals (CIs) for
prevalence, awareness, treatment, and control for each
residential area were estimated by multivariate logistic
regression analysis adjusted for age, body mass index,
physical activity, alcohol use, smoking, marital status,
and socioeconomic status including monthly income
and educational attainment.
Multivariate logistic regression was employed to exam-
ine the odds of good control of hypertension or diabetes
for each residential area. We adjusted for age, body mass
index, physical activity, alcohol use, smoking, marital
status, monthly income, and educational level.
All data were analyzed separately for men and women,
and also for urban and rural areas. The analysis reflects
the complex survey sample design, which includes stratifi-
cation, clustering, and weight. All analyses were per-
formed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA)
and differences were considered significant at p < 0.05.
Results
Participant characteristics
The characteristics of the individuals are shown in
Table 1 by residential area and sex. There were signifi-
cant differences in SES with regard to residential areas
in both sexes. Individuals living in rural areas had lower
SES than those who lived in urban ones.
Men living in rural areas had lower BMI with fewer
unhealthy alcohol users than those who lived in urban
areas. Women living in rural areas had higher BMI with
fewer unhealthy alcohol users than those who lived in
urban areas. Individuals who lived in rural areas had
more unmet health care needs than those who lived in
urban areas. The participants who could not go to
hospitals because they were poor were more common in
urban residents and because of traffic inconvenience
were more common in rural residents (Table 1).
Health inequalities by residential area
After adjusting for age, BMI, physical activity, alcohol,
marital status, monthly income, and educational attain-
ments, odds ratios for prevalence, awareness, treatment,
and control of hypertension and diabetes classified by
residential areas and sex were calculated. There were no
differences between residential areas except there were
fewer male hypertensive patients living in rural areas
than those who lived in urban areas (Table 2).
Health inequalities of subjects with good control of
hypertension and diabetes by residential areas
Regardless of both sex and residential area, more pa-
tients with good control of hypertension were in the
“30–44 years” and “45–65 years” age groups than in the
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“older than 65 years” group. Good control of male hyper-
tensive patients residing in both areas was less for lower
educational attainment (urban, ≤Elementary school, OR
0.74, 95 % CI 0.60–0.92; rural, ≤Elementary school, OR
0.67, 95 % CI 0.46–0.99). Good control of female hyperten-
sive patients only residing in urban areas was less for lower
educational attainment (≤Elementary school, OR 0.53, 95 %
CI 0.37–0.75) (Reference group = ≥College) (Table 3).
Table 1 Characteristics of participants by residential areas
Male Female













Age, years <0.001 <0.001
30–44 41.0 (0.9) 43.7 (1.0) 31.3 (2.1) 37.5 (0.8) 40.6 (0.9) 26.1 (1.6)
45–64 44.0 (0.8) 43.4 (0.9) 45.9 (2.1) 41.9 (0.7) 42.4 (0.8) 40.4 (1.4)
> 64 years 15.0 (0.5) 12.8 (0.5) 22.8 (1.1) 20.6 (0.5) 17.1 (0.5) 33.4 (1.4)
BMI, kg/m2 24.2 (0.05) 24.3 (0.1) 23.9 (0.1) 0.01 23.7 (0.05) 23.6 (0.06) 24.2 (0.1) <0.001
Educational level <0.001 <0.001
≤ Elementary school 15.2 (0.6) 11.8 (0.6) 27.4 (1.8) 31.0 (0.7) 25.2 (0.8) 52.4 (2.3)
Middle/high school 47.5 (0.5) 46.2 (0.9) 52.0 (1.9) 44.8 (0.4) 47.0 (0.8) 36.8 (1.8)
≥ College 37.3 (0.9) 41.9 (1.0) 20.6 (2.0) 24.2 (0.7) 27.8 (0.9) 10.8 (1.4)
Monthly income (thousand wonb) <0.001 <0.001
≤ 1000 23.8 (0.8) 20.7 (0.8) 34.8 (1.9) 30.3 (0.8) 26.4 (0.8) 44.5 (1.8)
1001–3000 59.4 (0.8) 61.7 (0.9) 50.9 (1.7) 54.8 (0.8) 57.7 (0.9) 44.2 (1.7)
> 3000 16.9 (0.7) 17.6 (0.8) 14.3 (1.2) 14.9 (0.6) 15.9 (0.7) 11.3 (1.1)
Marital status 0.719 <0.001
Married 83.6 (0.7) 83.4 (0.8) 84.0 (1.4) 76.4 (0.6) 77.7 (0.6) 71.7 (1.5)
othersc 16.4 (0.7) 16.6 (0.8) 16.0 (1.4) 23.6 (0.6) 22.3 (0.6) 28.3 (1.5)
Smoking status 0.524 0.067
Current 46.7 (0.8) 46.5 (0.9) 47.1 (1.3) 6.1 (0.3) 6.2 (0.4) 5.8 (0.8)
Ex-smoker 38.0 (0.7) 38.3 (0.8) 36.6 (1.6) 5.6 (0.3) 6.0 (0.3) 4.0 (0.6)
Non-smoker 15.4 (0.5) 15.1 (0.6) 16.3 (1.1) 88.4 (0.4) 87.8 (0.5) 90.2 (1.0)
Alcohol drinkingd <0.001 <0.001
Rarely or never 30.5 (0.7) 29.1 (0.8) 35.9 (1.5) 68.2 (0.6) 66.9 (0.7) 73.2 (1.5)
< 1/month 15.4 (0.5) 16.0 (0.6) 13.2 (1.1) 15.0 (0.5) 15.2 (0.6) 14.2 (1.2)
≥ 1/month 54.1 (0.8) 54.9 (0.8) 51.0 (1.8) 16.8 (0.5) 17.9 (0.6) 12.6 (1.0)
Regular physical
exerciser
48.6 (0.8) 48.7 (0.8) 48.5 (1.8) 0.939 42.7 (0.7) 43.2 (0.7) 41.0 (1.7) 0.261
Medical accessibility 0.026 <0.001
No 85.5 (0.6) 86.2 (0.6) 82.8 (1.5) 78.5 (0.6) 80.2 (0.6) 72.4 (1.5)
Yes 14.5 (0.6) 13.8 (0.6) 17.2 (1.5) 21.5 (0.6) 19.8 (0.6) 27.6 (1.5)
0.017 <0.001
Economic reasons 13.7 (1.3) 14.9 (1.6) 10.2 (2.3) 24.6 (1.3) 25.7 (1.6) 21.5 (2.4)
Traffic
inconvenience
1.7 (0.6) 0.9 (0.5) 4.2 (1.8) 5.4 (0.6) 2.3 (0.5) 13.6 (2.0)
Others 84.6 (1.4) 84.3 (1.7) 85.5 (3.1) 70.1 (1.4) 72.0 (1.6) 64.9 (2.8)
Data are % (standard error [SE]) or mean (standard deviations [SD])
Abbreviations: BMI body mass index
Data are weighted to the residential population of Korea
an: unweighted sample size, N: weighted sample size in millions
bThe exchange rate is approximately 1100 Korean won for 1 US dollar
cIncluding widowed and divorced persons
dThe frequency of high risk drinking, high risk drinking is defined as consuming more than 7 standard drinks per each occasion on average
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In urban areas, more patients with good control of
diabetes were in the “30–44 years” and “45–64 years”
age groups than in the “older than 65 years” group. In
rural areas, more patients with good control of diabetes
were in the “30–44 years” group than in the “older than
65 years” group. Good control of male diabetes patients
residing in urban areas was less for lower educational
attainment (≤Elementary school, OR 0.61, 95 % CI 0.40–
0.94; Middle/High school, OR 0.69, 95 % CI 0.49–0.96).
Good control of female diabetes patients who resided in
urban areas was less for lower income (≤1 million, OR
0.56, 95 % CI 0.33–0.93) (Reference group = ‘≥College’
for education and ‘>3 million’ Korean won for income)
(Table 4).
Discussion
Using KNHANES V as representative national data, the
present study investigated whether residential areas influ-
enced the prevalence, awareness, treatment, and control of
hypertension and diabetes. In addition, we examined
whether there were differences in health inequality between
urban and rural areas with respect to good control of
hypertension and diabetes. After adjusting for individual so-
cioeconomic status, there were few differences between
urban and rural areas. However, participants who lived in
urban areas had consistently worse control of hypertension
and diabetes with lower socioeconomic status.
Our results demonstrate that old individuals with
hypertension and diabetes were in poor control of these
diseases. As regards hypertension, this result was con-
sistent with previous studies [17, 18]. Aging is related to
higher blood pressure and is a major risk factor for
hypertension [19]. Furthermore, the process is associated
with impaired endothelium-dependent vasorelaxation, ar-
terial remodeling, increased stiffness, and vascular inflam-
mation, all of which are relevant to the pathophysiology of
hypertension [20]. Because of age-related vascular change,
older patients may have difficulty controlling their
hypertension.
Previous studies have shown that longer duration of dia-
betes is associated with good glycemic control [21–24].
Therefore, the direct relationship between age and poor
glycemic control in our study is inconsistent with other
studies, in which youth was associated with poor glycemic
control. [23, 25, 26]. In another study that used age rather
than duration of diabetes, greater age was an independent
risk factor for poor glycemic control, which is consistent
with our study [27]. Therefore, the age differences in our
study may have arisen from the longer duration of
diabetes.
It is well known that hypertension [7, 28, 29] and dia-
betes [30, 31] are more common in individuals of low so-
cioeconomic status. The impact of socioeconomic status
on hypertension and diabetes might be due to socioeco-
nomic status differences in unhealthy behaviors of smok-
ing, physical inactivity, etc. [32, 33] or to neuroendocrine
hormone changes suffered from chronic stress [34, 35].
Individuals with lower educational attainment adopted
more unhealthy behaviors of smoking, unhealthy alcohol
use, physical inactivity, obesity, and lack of sleep (2.97
times more in men and 2.96 times more in women) than
those who graduated from the university [33].
Previous studies about urbanization level and health
status reported different results. Studies conducted in
Holland [36], the UK [37], and the US [38] showed that
the mortality in rural areas was lower than that in urban
areas, but the mortality in urban areas was lower than
that in rural areas in studies conducted in China [39]
and South Korea [40, 41]. There was little difference in
prevalence of hypertension and diabetes compared to
mortality; patients of hypertension and diabetes were
more common in rural areas [41]. This study found out
that male hypertensive patients who lived in rural areas
were less common than those who lived in urban areas.
This result was different from the previous study [41].
This difference might be caused by improving behaviors
such as quitting smoking, reducing unhealthy alcohol
use, and exercise in rural areas. There had been fatter
men, more smokers, and unhealthy alcohol users in rural
areas than those in urban areas [41]. However, in the
current study, there were thinner men and fewer unhealthy
alcohol users in rural areas than those in urban areas.
Smoking status was not different between urban and rural
areas. Actually comparing the age-standardized mortality of
metabolic syndrome from 2008 to 2011, the mortality in
rural areas was twice as high as that in urban areas in 2008.
Table 2 Multivariate odds ratiosa (95 % CI) for prevalence,
awareness, treatment, and control of hypertension and diabetes
according to residential areas
Hypertension Diabetes
Urban Rural Urban Rural
Male
Prevalence 1 0.80 (0.67–0.96) 1 1.05 (0.82–1.36)
Awareness 1 0.95 (0.70–1.29) 1 1.03 (0.63–1.67)
Treatment 1 1.04 (0.76–1.41) 1 1.30 (0.85–1.99)
Control 1 1.01 (0.76–1.33) 1 0.89 (0.57–1.40)
Female
Prevalence 1 0.84 (0.70–1.02) 1 0.82 (0.64–1.04)
Awareness 1 1.00 (0.78–1.28) 1 0.76 (0.46–1.18)
Treatment 1 1.10 (0.85–1.43) 1 0.89 (0.60–1.33)
Control 1 1.03 (0.83–1.28) 1 1.04 (0.65–1.67)
Data are % (95 % confidence interval)
Data are weighted to the residential population of Korea
Urban and Rural groups are defined as participants who reside ‘dong’, ‘eup and
myeon’ (Korean administrative section), respectively
aAdjusted for age, BMI, physical activity, alcohol, smoking, marital status,
monthly income, and educational level
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The mortality was still high in rural areas, but these differ-
ences had no statistical significance in 2011 [40].
Regardless of both sex and residential area, inequalities in
both hypertension and diabetes control occurred. However,
these differences were only significant in the following sub-
groups: hypertensive men in both urban and rural areas,
hypertensive women, diabetic men and women in urban
areas. It was well known that there were inequalities of
hypertension control [42] and diabetes prevalence [16, 43]
by socioeconomic status in urban areas. However, the stud-
ies about health inequalities in urban areas were mostly
conducted in low-income countries [44–49]. A comparison
of urban and rural areas by average indices indicates that
while urban areas are known to be wealthier and healthier
than rural areas due to abundant service resources, inequal-
ity within urban areas is even more severe than in rural
areas [50]. In 47 countries, the stunting and mortality rates
of infants residing in urban and rural areas showed more
severe inequality for urban residents than for rural residents
[51]. In terms of differences in socioeconomic status related
to subjective health status and physical activity restriction,
the poor in urban areas reported that they were unhealthy
and had restrictions on their physical activities more than
in rural areas [52].
The reason why inequality in hypertension and dia-
betes control were apparently observed more in subjects
who lived in urban areas than those who lived in rural
areas in this study was thought to be different effects on
use of medical services. The urban poverty index was re-
lated to the number of people using medical services;
however, the rural poverty index was not [53]. Unmet
health care needs among rural residents were more
Table 3 Multivariate odds ratios (95 % CI)a for good control of hypertension according to residential areas
Male Female
Urban Rural Urban Rural
Age, years
30-44 3.55 (2.95–4.27) 3.14 (2.11–4.69) 7.45 (5.23–10.60) 4.74 (2.47–9.07)
45-64 1.42 (1.23–1.63) 1.63 (1.26–2.13) 1.73 (1.38–2.16) 1.69 (1.17–2.42)
>64 years 1 1 1 1
Educational level
≤Elementary school 0.74 (0.60–0.92) 0.67 (0.46–0.99) 0.53 (0.37–0.75) 0.45 (0.18–1.15)
Middle/high school 0.94 (0.81–1.10) 0.75 (0.51–1.09) 0.77 (0.57–1.03) 0.53 (0.21–1.32)
≥College 1 1 1 1
Monthly income (thousand wonb)
≤ 1000 0.83 (0.67–1.03) 1.08 (0.73–1.60) 0.98 (0.73–1.33 1.13 (0.65–1.99)
1001-3000 0.90 (0.76–1.07) 1.02 (0.71–1.46) 1.09 (0.83–1.42) 1.44 (0.85–2.44)
> 3000 1 1 1 1
Marital status
Married 1 1 1 1
Othersc 0.91 (0.78–1.07) 0.75 (0.57–0.98) 0.98 (0.79–1.20) 0.80 (0.56–1.16)
Smoking status
Current 0.70 (0.60–0.82) 0.87 (0.68–1.11) 1.10 (0.74–1.62) 1.01 (0.60–1.70)
Ex-smoker 0.70 (0.61–0.81) 0.81 (0.62–1.07) 0.90 (0.62–1.29) 1.30 (0.71–2.39)
Non-smoker 1 1 1 1
Alcohol drinkingd
Non-drinker 1.74 (1.50–2.01) 1.57 (1.20–2.06) 1.31 (1.02–1.69) 1.01 (0.60–1.70)
<1/month 1.63 (1.33–2.00) 1.59 (1.10–2.32) 1.25 (0.89–1.76) 1.30 (0.71–2.39)
≥1/month 1 1 1 1
Regular physical exerciser 1.00 (0.89–1.14) 0.89 (0.70–1.11) 0.92 (0.77–1.09) 0.77 (0.57–1.02)
Data are weighted to the residential population of Korea
Urban and Rural groups are defined as participants who reside ‘dong’, ‘eup and myeon’ (Korean administrative section), respectively
aAdjusted for age, BMI, physical activity, alcohol, smoking, marital status, monthly income, and educational level
bThe exchange rate is approximately 1,100 Korean won for 1 US dollar
cIncluding widowed and divorced persons
dThe frequency of high risk drinking, high risk drinking is defined as consuming more than 5 standard drinks of women and 7 standard drinks of women per each
occasion on average
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common than urban residents in this study. However,
rural residents could not use medical services because of
long distances; urban residents could not use medical
services because of poverty (Table 1). While differences
in health care accessibility between urban and rural
areas because of long distances were observed, general
health conditions were not different between urban and
rural residents [54]. Therefore, to improve hypertension
and diabetes control and relieve inequality of hyperten-
sion and diabetes management, administrators should
consider counterplans by residential areas. They can
help urban poor to receive economic assistance and
rural residents to improve infrastructures for geographic
distances.
There are several limitations of this study. First, this
was a cross-sectional study and the interpretation of the
causes and results is limited. Because it included subjects
with low socioeconomic status as a result of disease,
there is the possibility of reverse causation bias. Second,
as previously mentioned, regions classified as eup,
myeon, and dong, which were Korean administrative dis-
tricts instead of the index including population density,
district financial status, and so on. However, the analyses
based on administrative districts can help to understand
regional characteristics and can encourage local level
policies for health care services [53]. Actually, commu-
nity health plans are implemented based on the adminis-
trative districs according to the law for community health
in South Korea. In addition, previous studies [54, 55] have
examined regional differences by using the administrative
units (classified as eup, myeon, and dong). However to
overcome this limitation, further studies should consider
Table 4 Multivariate odds ratios (95 % CI) a for good control of diabetes according to residential areas
Male Female
Urban Rural Urban Rural
Age, years
30-44 6.02 (3.75–9.66 4.77 (1.95–11.67) 6.95 (4.11–11.76) 3.77 (1.35–10.53)
45-64 1.75 (1.28–2.40) 1.58 (0.94–2.66) 1.49 (1.10–2.00) 1.19 (0.69–2.07)
>64 years 1 1 1 1
Educational level
≤Elementary school 0.61 (0.40–0.94) 1.05 (0.49–2.23) 0.68 (0.41–1.13) 0.42 (0.11–1.59)
Middle/high school 0.69 (0.49–0.96) 0.80 (0.41–1.58) 0.80 (0.49–1.30) 0.67 (0.20–2.31)
≥College 1 1 1 1
Monthly income (thousand wonb)
≤ 1000 0.88 (0.57–1.37) 2.05 (0.93-4.56) 0.56 (0.33-0.93 0.78 (0.36-1.72)
1001-3000 1.08 (0.75-1.57) 1.60 (0.89-2.88) 0.66 (0.41-1.07) 0.86 (0.40-1.85)
> 3000 1 1 1 1
Marital status
Married 1 1 1 1
othersc 1.15 (0.76–1.75) 1.26 (0.60–2.66) 0.85 (0.64–1.12) 1.09 (0.61–1.96)
Smoking status
Current 0.59 (0.39–0.91) 0.81 (0.41–1.59) 0.87 (0.52–1.47) 0.71 (0.29–1.73)
Ex-smoker 0.79 (0.51–1.22) 1.06 (0.55–2.03) 1.62 (0.93–2.82) 0.67 (0.21–2.15)
Non-smoker 1 1 1 1
Alcohol drinkingd
Non-drinker 0.84 (0.63–1.12) 1.33 (0.81–2.17) 0.67 (0.44–1.04) 0.34 (0.13–0.95)
<1/month 0.91 (0.63–1.32) 1.48 (0.70–3.14) 0.79 (0.44–1.41) 0.66 (0.21–2.10)
≥1/month 1 1 1 1
Regular physical exerciser 1.22 (0.94–1.57) 1.02 (0.69–1.50) 1.05 (0.80–1.37) 0.92 (0.57–1.49)
Data are weighted to the residential population of Korea
Urban and Rural groups are defined as participants who reside ‘dong’, ‘eup and myeon’ (Korean administrative section), respectively
aAdjusted for age, BMI, physical activity, alcohol, smoking, marital status, monthly income, and educational level
bThe exchange rate is approximately 1,100 Korean won for 1 US dollar
cIncluding widowed and divorced persons
dThe frequency of high risk drinking, high risk drinking is defined as consuming more than 5 standard drinks of women and 7 standard drinks of women per each
occasion on average
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including another determinant of regional poverty, or
examine regional differences among smaller administra-
tive units. Third, population structures in rural areas were
quite different from those in urban areas, especially in
terms of age distribution. As mentioned in the factors as-
sociated with poor glycemic control, even though we ad-
justed for age, other confounding factors may be related
to age; namely, duration of the diseases.
Despite these limitations, our study contributes to the
understanding of regional differences in hypertension
and diabetes control in South Korea. While numerous
studies have analyzed health inequalities, ours examined
not only the prevalence, but also the treatment and con-
trol of hypertension and diabetes. These specific factors
will help clinicians and investigators to understand these
diseases.
Conclusions
The differences by residential area were not apparent
after correction for individual socioeconomic status.
However, when the subjects with good disease control
were divided based on region, inequality was confirmed
in urban residents. In addition, older individuals had
poorer control of hypertension and diabetes, regardless
of both sex and region. Therefore, to improve hyperten-
sion and diabetes control, as well as relieve inequalities
in the management of these diseases, administrators
should consider the elderly in their counterplans based
on residential area. Such plans may help the poor in
urban areas to receive economic assistance, as well as in-
crease the number of clinics in rural areas, where resi-
dents must currently cover greater distances for proper
healthcare.
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